Abstract
Herein we report an effective and simple method for producing Tellurium 
Introduction
Since the discovery of low-dimensional materials, extensive studies have shown that the properties of these materials altered significantly when they are in nanoscale regime. For example, a low-dimensional material can exhibit unique mechanical, electrical or optical properties that are different from those of their bulk counterparts.
Quantum dots (QDs), the lowest-dimensional materials, are no exception to that and they could be engineered to display a wide range of properties that appear attractive for many modern fields of study.
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Quantum dots (QDs) with diameter typically smaller than 10 nm have attracted much research interests in recent years due to their possible applications in biomedicine, such as photothermal therapy for cancer cell ablation and bioimaging. [1] [2] [3] [4] The optical properties of QDs are indispensable factors in deciding over their suitability for these applications. [5] [6] [7] For example, lasers with a wavelength of ~ 800 nm are commonly used in photothermal therapy as it allows penetration of the biological tissues, such as skin, to reach cancer cells inside the bodies. [8] [9] [10] On the other hand, photoluminescence quantum yield is an important figure for bioimaging applications. [11] [12] As a result, the studies of the optical properties of various QDs have gained increasing attentions. The optical properties of QDs are different from their respective bulk materials due to significant quantum confinement in all spatial dimensions. 13 The band gap increases due to the confined electron waves, which affect both the optical absorption and photoluminescence wavelength to a large extent.
Therefore, it is of great scientific interest to investigate the optical properties of various QDs so as to pave the way for the potential biomedical applications.
In this work, tellurium quantum dots (TeQDs) were prepared by ultrasonic ablation of Te bulk powder and dispersed in solvent. After purification, X-ray diffraction (XRD), transmission electron microscopy (TEM) ， scanning electron microscope (SEM) and atomic force microscopy (AFM) were used to study the structural and morphological properties，X-ray photoelectron microscopy (XPS) and energy dispersive spectroscopy (EDS) were used to investigate the chemical composition and bonding. This was followed by systematic determination of the optical properties of the TeQDs to investigate their optical absorption and PL.
Experimental Materials
Te powder (99.999%) and 1-Methyl-2-pyrrolidone (NMP) were purchased from Sinopharm Chemical Reagent Co., Ltd. All chemicals were used as received without further purifications. 
Preparation of TeQDs

Characterization of TeQDs
The morphology, size distribution and crystal structure of the TeQDs were investigated using TEM (Tecnai G2 TF30 S-Twin). The diameter of the TeQDs was further confirmed with AFM (Seiko SPA 400). The XRD (UItima IV, X-ray source:
Cu Kα, λ= 0.154178 nm) of TeQDs was performed to compare with bulk Te to ensure the structural integrity of TeQDs after ultrasound treatment. The chemical bonding was analyzed by XPS (PHI Versa probe II) using 50W Al Kα radiation. Optical absorption was performed using a UV-Vis spectrometer (Shimadzu UV-3600). PL measurements were carried out with a fluorescent spectrometer (Hitachi, F-4500).
Results and Discussion
The lattice of tellurium is a long chain structure. The atoms are covalently bonded to form a long helical chains that are spatially arranged in parallel through the van der 19 The shift towards higher frequencies could be related to the surface effect. As the diameter of the tellurium reduces, the surface area and surface energy would increase drastically.
The XPS spectrum of the TeQDs is presented in Figure 3 The photoluminescence (PL) spectra of the TeQD solution are shown in Figure   4 (b). The excitation wavelength was varied from 300 to 500 nm, in 20 nm steps. The excitation wavelength covered the range from UV to visible light. The PL emission of the TeQDs was basically within the visible light region between blue to green emission. As the excitation wavelength red-shifted, the emission peak also red-shifted, thus the TeQD solution exhibited excitation-wavelength-dependent emission, which was commonly observed in other QD solutions such as the graphene QDs. 20 The emission light energy is smaller than the excited energy which is due to the vibration relaxation caused by Stokes shift 22 . The photoluminescence excitation (PLE) spectra are shown in Figure 4 (c). The peak marked with a star was due to the PLE system and not the sample. The emission intensity was monitored from 380 to 500 nm, in 20 nm steps. Similar to the PL emission spectra, the maximum PLE peak also red-shifted as the emission wavelength red-shifted. This is indicated with a black arrow. However, the peak at 263 nm did not shift with the emission wavelength as depicted by the red arrow. Based on the study of structure and optical properties, the energy level those photons energies that match specific energy level differences can be absorbed. 22 It is proposed that TeQDs contains multiple energy levels due to the quantum-size, which facilitates some electron transition pathways, leading to the red-shift of PL.
To investigate the wavelength-dependent PLE and PL peaks in greater details, the normalized PLE and PL spectra are shown in Figure 5 (a) and 5(b) respectively. As the monitored emission wavelength (PLE) was red-shifted by 120 nm (Figure 5(a) ), the excitation wavelength that produced maximum emission (i.e. the PLE peak) also red-shifted by 43 nm. As the excitation wavelength red-shifted by 200 nm ( Figure   5 (b)), the emission wavelength (PL) also red-shifted by 151 nm. It was found that both the energy-dependence PLE and PL peaks followed closely a linear relationship as shown in Figure 5 S2 ).
